Advances in technologies for identifying genetic polymorphisms rapidly and accurately will dramatically accelerate the discovery of disease-related genes. Among a variety of newly described methods for rapid typing of single-nucleotide polymorphisms (SNPs), gene detection using DNA microarrays is gradually achieving widespread use. This method involves the use of short (11-to 13-mer) allele-specific oligonucleotides. This method allows simultaneous analysis of many SNPs in DNAs from a large number of individuals, in a single experiment. In this work, we evaluated the accuracy of a new microarray-based short allele-specific oligonucleotide (ASO) hybridization method. There is a 96-well formatted array on a single plate, in which up to 256 spots are included in each well. Fluorescent probes for our experiments were produced by multiplex PCR amplification of ten target SNP-containing regions. We genotyped 192 individuals across a panel of ten single base variations, which included an insertion/deletion polymorphism. For comparison, we genotyped the same individuals for the same SNPs by the method of single-base extension with fluorescence detection. The typing accuracies of the microarray-based PCR-ASO and single-base extension methods were calculated as 99.9% and 99.1%, respectively, on the basis of genotyping results determined by direct sequencing. We conclude that the microarray-based hybridization method using short ASO probes represents a potential breakthrough technology for typing large numbers of SNPs rapidly and efficiently.
Introduction
Large-scale genotyping of human DNAs for singlenucleotide polymorphisms (SNPs) is a potentially effective way of determining disease susceptibility or drug sensitivity among individuals. For the sake of efficiency, an accurate, high-throughput, and automationaccessible method is preferable. Numerous methods have been introduced, including allele-specific oligonucleotide (ASO) hybridization, 1,2 detection of single-stranded conformational polymorphism, 3 and assays involving allele-specific PCR priming, 4, 5 primer-guided nucleotide incorporation, 6 oligonucleotide ligation, 7 or single-base extension. 8 However, no consensus has been reached as
Communicated by Takao Sekiya * To whom correspondence should be addressed. Tel. +81-44-733-5230, Fax. +81-44-733-5192, E-mail: memi@nms.ac.jp to the best way to identify disease-susceptibility or drugsensitivity genes by genome-wide screening. Microarray technology should enable multiple SNP genotyping for thousands of individuals at once. Chip-based genotyping technologies are under development and are being evaluated by several companies. Among them, we note inexpensive medium-density arrays in a 96-well format (VistaMorph Array; Genometrix, The Woodlands, TX). In this system, glass plates containing 96 arrays of oligonucleotide prints separated by a Teflon r mask are used to examine multiplications of 96 samples at once. Because up to 256 oligonucleotide elements are printed in a single well, simultaneous genotyping of up to 25 SNPs in 96 samples is possible (see Fig. 1A ).
To complete a large population study, high accuracy (specificity) and a good success rate (detection sensitiv-[Vol. ity) are required of the assay. Although an array-based PCR-ASO typing system in theory enables simultaneous genotyping of many SNPs for a large number of samples, its accuracy and success rate have not been proven. Therefore, we compared the genotyping results for ten randomly selected SNPs in 192 individuals obtained by the microarray method with results of two other common methods, single-base primer extension and direct re-sequencing, to determine the accuracy and detection sensitivity of the new PCR-ASO system.
Materials and Methods

Preparation of genomic DNA and selection of
SNPs Genomic DNA was obtained with informed consent from 192 Japanese individuals collected as part of an association study of common diseases. Ten single-base mutations (one deletion and nine SNPs) were chosen randomly from a pool of novel SNPs in the Japanese population that we had previously identified within genes that were candidates for common diseases. This information is summarized in Table 1 . Table 1 . SNP types used to assess the accuracy of the PCR-ASO and single-base extension methods. 
Genotyping by array-based PCR-ASO
PCR primers were designed to amplify DNA fragments spanning the SNP sites. Each PCR was performed with 80 ng of genomic DNA in a multiplex PCR protocol, using ten kinds of 5 -biotin-labeled forward primers and non-labeled reverse primers. These primers were designed to amplify PCR products an average of 60 bp in length, and their specificity for each target PCR product was pre-tested. The SNP site was adjusted so that it was located in the central region of the PCR product. The PCR conditions were also optimized for these primers.
The multiplexed PCR products from the 192 blood DNA samples for the ten selected SNPs were hybridized on two 96-well glass plates prepared by standard procedures. In brief, the array plates were prepared using a multiplex capillary printer, by which optimized 11-bp-long variant-specific probes are printed in triplicate [9] [10] (Fig. 1B) . To optimize the probes, several candidate probes were designed in various lengths and slide-shifts in flanking sequences, all incorporating the polymorphic nucleotides. The best probes were selected by trial hybridizations using synthetic DNA targets generated by PCR. To realize allele-specific hybridization of PCR products to the printed short probes (11 bp long), we performed the hybridization experiments at low temperatures (∼ 30
• C) along with blocking oligonucleotides designated as "chaperons" (Fig. 1C) . This was designed to hybridize with both sides of each PCR products to prevent non-specific hybridization. The length of the chaperons ranged from 15 bp to 25 bp, depending on the position of the SNP site on the PCR product. Analysis of chemiluminescence signals from two hybridized glass plates printed in a single-array design produced 1920 genotypes for the ten SNPs. the SNaPshot TM kit (Applied Biosystems, Foster City, CA). In brief, a region of genomic DNA about 1 kb long, covering the sequence surrounding the target SNP, was amplified by a standard PCR program, and the PCR products purified by the type FB multi screen separation system (Millipore Japan, Tokyo, Japan) were used for single-base primer-extension reactions with fluorescence-labeled di-deoxynucleotides (ddNTPs). The extension products were dephosphorylated with shrimp alkaline phosphatase to eliminate co-migration with unincorporated substrates (Roche Japan, Tokyo, Japan). Signals were detected using an ABI377 system and GeneScan r Analysis Software ver2.1 (Applied Biosystems).
Genotyping by single-base extension and direct sequencing
Direct re-sequencing was performed using the ABI Prism BigDye Terminator system (Applied Biosystems) by the standard protocol, and the results were used as reference standards. A reference was examined only when results obtained from array-based PCR-ASO did not agree with those from the single-base extension method.
Results and Discussion
We first genotyped ten SNPs in 192 DNA samples using the new array-based PCR-ASO method, achieving a success rate of 100% (1920/1920). These results were compared with those obtained from the single-base extension method (SNaPshot TM Assay), which we are currently using routinely for SNP typing (Table 2) The success rate of the SNaPshot TM Assay was 99.1% (1903/1920) . A comparison of the two methods yielded 19 discordant results; in those cases we re-sequenced the samples directly and determined that the array-based PCR-ASO was correct in 17 of 19 cases, while the SNaPshot TM method was correct in 2 cases. Therefore, we calculated the overall accuracy of the PCR-ASO method to be 99.9% (1918/1920) , and the single-base extension to be 99.1% (1886/1903) accurate.
The accuracy and success rate of both experiments were reasonably high; however, both variables seemed to be significantly better in the PCR-ASO array method. These values were comparable to those of other new methods reported in the literature.
11-14 Thus, we regard the PCR-ASO array method as preferable for large-scale typing.
Nevertheless, our lower success rate for single-base extension, compared with previous reports, was not unacceptable. We assume that any discrepancies were a consequence of our random selection of SNPs, and of our strictly determined experimental plan in which each step of the genotyping experiments was performed only once. The accuracy was also a bit lower than the literature has indicated; one possible reason being the difficulty of discriminating certain types of SNPs in the single-base extension method, especially when the nucleotide substitutions in the SNPs are A to G or vice versa. This problem may reflect the character of the fluorescent substrates (R6G and R110), whose emission wavelengths partially overlap. In contrast, so far we have found no SNPs that presented difficulties by the array-based PCR-ASO method.
Large-scale SNP association studies that combine detailed medical information with an individual's specific genotype are required to identify disease-susceptibility or drug-sensitivity genes. To facilitate such research, the array-based PCR-ASO genotyping method appears to be preferable for determining genotypes in large-scale studies.
